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THIS IS THE DRAFT DELTA NATIVE FISHES RECOVERY PLAN. IT iS BEING REVIEWED BY

THE U.S. FISH AND WILDLIFE SERVICE. IT DOES NOT NECESSARILY REPRESENT
OFFICIAL POSITIONS OR APPROVALS OF COOPERATING AGENCIES (AND IT DOES NOT
NECESSARILY REPRESENT THE VIEWS OF ALL INDIVIDUALS) WHO PLAYED KEY ROLES
IN PREPARING THIS PLAN. THIS PLAN IS SUBJECT TO MODIFICATION AS DICTATED BY
NEW FINDINGS AND CHANGES IN SPECIES STATUS, AND COMPLETION OF TASKS
DESCRIBED IN THE PLAN. GOALS AND OBJECTIVES WILL BE ATTAINED AND FUNDS
EXPENDED CONTINGENT UPON APPROPRIATIONS, PRIORITIES, AND OTHER BUDGETARY
CONSTRAINTS.

LITERATURE CITATION SHOULD READ AS FOLLOWS:

U.S. Fish and Wildlife Service. 1994. Technical/Agency Draft Sacramento-San Joaquin Delta Native
) Fishes Recovery Plan. U.S. Fish and Wildlife Service, Portland, Oregon.
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EXECUTIVE SUMMARY
FOR THE SACRAMENTO-SAN JOAQUIN DELTA NATIVE FISHES RECOVERY PLAN

Current Status: Seven fish species are included in the Sacramento-San Joaquin Delta Native Fishes
Recovery Plan. The delta smelt is listed as a threatened species. The Sacramento splittail (splittail) was
proposed as a threatened species on January 6, 1994. To provide greater clarity and since a final rule
is anticipated in the near future for this fish, this recovery plan will recommend recovery criteria for the
splittail that will be appropriate should the species be listed. Longfin smelt and green sturgeon are
Category 2 species. Spring-run, late fall-run, and San Joaquin fall-run chinook salmon are potential
candidates for threatened or endangered status in the future. Information is also included on Sacramento
perch, a species believed to be extirpated from the Delta at this time.

Habitat Requirements and Limiting Factors: The seven species included in this recovery plan depend on
the Sacramento-San Joaquin Delta for a significant segment of their life history. Threats to the Delta
ecosystem and these species include loss of habitat due to increased freshwater exports which have
increased salinity, loss of shallow-water habitat due to dredging, diking and filling, introduced aquatic
species that have disrupted the food chain, and entrainment in State, Federal and private water diversion.
State and Federal water projects have also changed the pattern and timing of flows through the Delta.
The salmon races are affected by sport and commercial harvest as well as hybridization with hatchery
stocks. .

Recovery Objective: Delisting of delta smelt and splittail. Restoration of longfin smelt, green sturgeon,
spring-run, late fall-run, and San Joaquin fall-run chinook salmon.

Recovery Criteria: Recovery criteria are quantifiable and species specific and can be used to 1) monitor
effectiveness of recovery actions, 2) determine when a species has recovered to a secure level (stabilized),
and 3) determine when a species qualifies for delisting (if formally delisted). In many cases, recovery
criteria are based on two independent measures: population abundance and geographic distribution. For
each species a historic base period was established using available data to characterize abundance and
distribution during a pre-decline period. The time period over which abundance and distribution criteria
must be met was set at five generations. For five of the seven species there is an additional requirement
of meeting the criteria through a minimum number of years of stressful environmental conditions.

Action needed: :

Enhance and restore aquatic and wetland habitat in the Sacramento-San Joaquin River estuary.
Reduce effects of commercial and recreational harvest.

Reduce effects of introduced aquatic species on Delta native fishes.

Change and improve enforcement of regulatory mechanisms.

Conduct monitoring and research on fish biology and management requirements.

Assess recovery management actions and re-assess prioritization of actions.

Increase public awareness of importance of Delta native fishes.
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Total Estimated Costs of Recovery:

Costs: (000,000’s)

Year

1995
1996
1997
1998
1999

Total

Costs

Need 1 Need2 Need3 Need4 Need35

20.1
21.1
21.1
20.1
20.1

102.5

T e
W W WwWh

0.6
0.5
0.4
0.4
0.4

2.3

Need 6 Need 7 Total -
1.3 1.5 0 02. 252
1.3 1.5 0 0.1 25.9
1.2 1.5 0 0.1 256
1.2 1.4 0 0.1 245
1.2 14 0.1 0.1 24.6
62 - 73 0.1 06  125.8

Date of Recovery: Delisting should be initiated in 1999, if recovery-and delisting criteria have been met.
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1. INTRODUCTION

This recovery plan is intended to fulfill one of the primary purposes under section 2 of the
Endangered Species Act of 1973--to provide a means for the conservation of ecosystems upon which
endangered and threatened species depend. According, the purpose and scope of this recovery plan is to
outline a strategy for the conservation and restoration of the Sacramento-San Joaquin Delta that currently
supports or has the potential to support Delta native fishes. Addressing the Delta ecosystem as whole is
a difficult proposition, considering its biotic and physical complexity and the fact it has been, and
continues to be, highly altered by human activities (Moyle and Herbold 1989). At least 55 species of fish
have been recorded from the Delta, 25 of them native (Table 1). Many of these species, both native and
introduced, are in decline (Herbold er al. 1992). The most practical way to develop recovery
recommendations that would take into account the complexity of the Delta ecosystem was to work with
a selected group of fishes. Species addressed in this plan include: delta smelt, longfin smelt, Sacramento
splittail (splittail), green sturgeon, spring-run chinook salmon, late fall-run chinook salmon, San Joaquin

- fall-run chinook salmon, and Sacramento perch. The species selected had the following characteristics:

1. They were known to be in decline and were potential candidates for threatened or endangered status
in the future. This characteristic excluded Sacramento fall-run chinook, steelhead, and white sturgeon,
which while in decline, were abundant enough to support commercial fisheries. It also excluded tule perch
and prickly sculpin, native species that have probably declined in abundance but are still common.

2. Records on the importance of the species to the Delta ecosystem had to be available. This
characteristic allowed the inclusion of Sacramento perch, although it is thought to be extirpated from the
Delta at this time. Sacramento perch are addressed as a candidate species to reintroduce into its native
habitat. Coho salmon were excluded by this characteristic because records of their importance to the
Delta ecosystem were sketchy. '

3. They were species that depended on the estuary for a significant segment of their life history. This
characteristic excluded native resident species whose habitats were mainly upstream of the Delta, such
as hardhead and squawfish.

4. The environmental requirements of the combined species covered a wide range of seasons and habitats,
so it was reasonable to expect that a joint recovery plan would improve conditions in the Delta for fish
in general. '

5. They were species for which information was available to make reasonable judgements as to measures
that could reverse downward trends in their populations. This characteristic excluded river lamprey, a
species about which there is concern over its status in the estuary but for which virtually no information
exists. Winter-run chinook salmon are being addressed by the Winter Run Recovery Plan, which will
be released soon. The two recovery teams coordinated efforts to ensure a consistent approach to restoring
the Delta ecosystem. '

The basic objective of the Delta Native Fishes Recovery Plan is to establish self-sustaining
populations of the species of concern that will persist indefinitely. For chinook salmon, green sturgeon,
and splittail, the recovery goals include having large enough populations so that a limited harvest can once
again be sustained. The basic strategy for recovery is to manage the estuary in such a way that it is better
habitat for aquatic life in general and for the fish species of concern in particular. Restoration of the
Delta ecosystem should also include efforts to reestablish the extirpated Sacramento perch.

1
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Table 1.1. Fishes of the Sacramento-San Joaquin Delta. An asterisk (*) indicates a native species. A =
anadromous; R = resident; N = nonresident visitor; M = euryhaline marine. Under status "Sp. Conc."
indicates the species is listed as a Species of Special Concern by the California Department of Fish and
Game.

Pacific lamprey* Lampetra tridentata A declining
River lamprey* Lampetra ayersi A rare
White sturgeon*® Acipenser transmontanus A declining;
‘ fishery
Green sturgeon® A. medirostris A Category 2
American shad Alosa sapidissima A declining;
' fishery
Threadfin shad Dorosoma petenense A declining;
common
Steelhead* Oncorhynchus mykiss A declining;
fishery
Pink salmon* 0. gorbuscha A Rare
Chum salmon* O. keta A Rare
Coho salmon* O. kisutch A Rare
Chinook salmon* O. tshawytscha A declining:
Sacto. fall run fishery
S.J. fall run low pop.
late fall run Sp. Conc.
winter run Endangered
Sac. spring run Sp. Conc.
S. J. spring run ‘ Extinct
Longfin smelt* Spirinchus thaleichthys AR Category 2
Delta smelt* Hypomesus transpacificus R Threatened
Wakasagi H. nipponensis R? Invading
Thicktail chub* Gila crassicauda R Extinct
Hitch* Lavinia exilicauda R Unknown
Sacto. blackfish* Orthodon microlepidotus R Unknown
Sacto. splittail* Pogonichthys R Threatened
macrolepidotus (proposed)
2
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A

i

Hardhead*

Sacto. squawfish*
Fathead minnow
Golden shiner
Common carp
Goldfish

Sacto. sucker*
Black bullhead

. Brown bullhead

Yellow bullhead
White catfish

Channel catfish
Blue catfish

- West. mosquitofish

Rainwater killifish

Striped bass

Inland Silverside
Sacto. perch*
Bluegill

Redear sunfish
Green sunfish
Warmouth
White crappie
Black crappie
Largemouth bass

Smallmouth bass

. Bigscale logperch

Yellow perch

Mylopharodon éonocephalus
Ptychocheilus grandis
Pimephales promelas
Notemigonus chrysoleucas
Cyprinus carpio

Carassius auratus
Catostomus occidentalis
Ameiurus melas

A. nebulosus

A. natalis

A. catus

Ictalurus punctatus
I. furcatus .
Gambusia affinis
Lucania parva

Morone saxatilis

Menidia beryllina
Archoplites interruptus
Lepomis macrochirus
L. microlophus

L. cyanellus

L. gulosus

Pomoxis annularis

P. nigromaculatus
Micropterus salmoides
M. dolomieui

Percina macrolepida

Perca flavescens
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-Sp. Conc.

Common
Rare
Uncommon
Common
Uncommon
Common
Common
Uncommon
Rare?

Declining;
abundant

Common
Rare
Abundant

Rare

Declining; .

abundant
Abundant
Rare
Common
Uncommon
Uncommon
Uncommon
Common
Uncommon

Common

- Uncommon

Common

Rare
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Tule perch*

Threespine stickleback*

Yellowfin goby

Chameleon goby
Staghorn sculpin*®
Prickly sculpin®,

Starry flounder*

Hysterocarpus traski

Gasterosteus aculeatus

Acanthogobius flavimanus

Tridentiger trigonocephalus
Léptocottus armatus

Cottus asper

Platichthys stellatus

C—048381
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Common

Declining;
common

Invading
Common
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common
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PHYSICAL ENVIRONMENT

The Sacramento-San Joaquin estuary (Figure 1.1) has been well described in a number of
publications (e.g., Herbold et al. 1992). The Delta is the uppermost part of the system, where the two
rivers meet, and is largely a tidal freshwater system. The seven fishes of primary concern depend on the

* entire estuary, but the Delta is the most highly altered part of the system where most problems for fish

exist. Hence, management efforts for recovery of the fishes will necessarily focus largely on reducing
problems in the Delta and secondarily in Suisun Bay, immediately downstream from the Delta. This
section of the Plan describes major aspects of the physical environment of the upper estuary that are
important to the native, estuarine-dependent fish species.

Flow patterns in Delta channels are the principal element used to describe habitat conditions
because most channels have been dredged and shallow areas have been separated from the river by an
extensive series of levees. Thus, little connection to shallow wetland habitats and little diversity in salinity
or depth remain. The flow patterns are determined largely by the interactions of freshwater mﬂow tidal
action, and water diversion.

Fresh water flows into the Delta principally through two rivers; the Sacramento River usually
carries about 80% of Delta inflow while the San Joaquin River carries most of the rest. Other streams
(including the Mokolumne and Cosumnes rivers) rarely carry more than 5%. On a daily basis, users
within the Delta historically have taken up to 57% of the inflow each year while users exporting water
from the Delta have taken between 1 and 96% of the inflow each year. Consequently the percentage of
Delta inflow that makes it to Suisun Bay ranges from less than zero to nearly 100%. Delta inflows, local
usage, and export rates vary strongly depending on season and the quantity and pattern of precipitation
within the watershed. The historic record of the daily estimates of Delta inflows, net flows in particular
channels, local uses, and export rates are contained in the DAYFLOW database maintained by the
California Department of Water Resources (DWR). Variables from DAYFLOW discussed in this
recovery plan include: '

QTOT = Total Delta inflow

QOUT = Net delta outflow to the bay

QSAC = Sacramento River flow into the Delta

QSJR = San Joaquin River flow into the Delta

QEXP = Total exports from the Delta

QWEST = net movement of water on the lower San J oaqum effectively the amount of water

entering the central Delta minus the amount of water exported.

In the western Delta and Suisun Bay, a large discrepancy exists between the net flows as reported
in DAYFLOW and the actual flows in river channels. Daily tidal excursions, spring-neap tidal cycles
and irregular meteorological conditions can often overwhelm the physical movements due to river flow.
Nevertheless, net Delta outflow is strongly tied to a wide array of important physical parameters that
affect most aquatic species of the estuary. Net Delta outflow is closely tied to most of the flow rates
reported in DAYFLOW. Thus, increases in net Delta outflow are accompanied by reductions in residence
times in Delta channels, increases in quantity of the wetted perimeter, increases in the abundance of
flooded vegetation (which a number ‘of species use for spawning and rearing), and decreases in
temperature, salinity, percentage of water exported, and local water consumption rates.

An important parameter related to net Delta outflow is the structure and position of the mixing
zone. Where sea water and fresh water meet, the difference in density can cause stratification of the

5
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water column. In channels where the mixing zone occurs, the difference in density causes the surface
movement of fresh water towards the ocean to be countered by a landward flow of salt water along the
bottom. At some landward point this stratification of salinity and flow breaks down and the bottom waters
mix with the surface waters. Particulate material settles out of the surface fresh water down to the
landward flowing bottom currents. These particles, including particulate organic carbon, phytoplankton,
zooplankton, and larval fish become concentrated within this entrapment zone.

Shallow depths prevent stratification and entrapment from occurring. However, in shallow areas,
phytoplankton productivity tends to be much higher because algae are constantly within range of sunlight.
Experiments have shown that the shallow areas of Suisun Bay are ten times as productive as the channels.
Tidal currents transport material from the shallows to the channels where entrapment processes can
concentrate particles. Thus, algal growth is fastest in shallows but the hlghest concentrations of biomass
are usually found in the channels.

The mixing zone and entrapment zone are usually found in areas where surface salinities are
between 2 and 10 parts per thousand (ppt). In channels, 2 ppt generally marks the upstream edge of the
entrapment zone. Net Delta outflow tends to control the location of the mixing zone and the strengths
of both the surface and bottom currents in the entrapment zone. At net Delta outflows of less than 12,000
cubic feet per second (cfs) the entrapment zone usually is located upstream of Suisun Bay and away from
any significant shallow water habitats.

A wider array of important habitat parameters appear to affect aquatic species in Suisun Bay
compared to the Delta. Salinity, bathymetry and flow patterns vary widely in Suisun and San Pablo bays.
In addition, the remaining areas of tidal marshland adjacent to these bays support a diverse aquatic fauna
with many species using the many habitat types.

MAJOR FACTORS AFFECTING DELTA FISHES

This recovery plan focusses on seven species of fish on the assumption that management efforts
made to benefit the seven species will collectively benefit the entire estuarine ecosystem. The step-down
outline that is part of this plan lists and prioritizes actions needed to improve conditions for the seven
species. The effectiveness of these actions, however, is predicated on conditions in the estuary returning
to previous ecological limits, limits that have been greatly stretched in recent years (associated with
decline of the seven species). Because the system is unlikely to return to known historic conditions,
ecosystem managers will need to be flexible and learn from past experiences to keep remaining native
species from going extinct under continually changing conditions. Some of the factors that may present
new challenges are: (1) changes in agricultural water policy, (2) new water projects, (3) Delta levee
failures, (4) pollution, (5) introduced species, (6) continued growth of human populations, and (7) climate
change. The factors are listed in order of the degree that management decisions can affect them.

Changes in_agricultural water policy. About 85% of California‘s developed water is used for
irrigated agriculture. Thus any change in water policy that reduces this use can potentially provide more
water for the environment in general and the Delta in particular. One potential change is in the pricing
structure of water which could be used to encourage water conservation through better irrigation practices
and through switching to less water demanding crops. Another potential change is retirement of marginal
agricultural lands, especially those that are likely to become too saline to farm in the near future (e.g.,
west side, San Joaquin Valley), is the source of trace contaminants (e.g., selenium), or likelyto become
submerged (Delta islands). Alternatively, changes in water use that increase agricultural demand for
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water, especially during normally low-demand periods, could reduce water available for in-Delta uses
(e.g., flooding of rice fields in winter).

New water projects. Although the era of building large-scale water projects in upstream areas
that deplete Delta inflows seems to be largely over, there are projects that could drastically change how
the system works. Some proposals are currently undergoing interagency review and others are still on
the drawing board. U.S. Fish and Wildlife Service (USFW) is aware of approximately 20 major Central
Valley Project (CVP), State Water Project (SWP), or private organization proposals that will result in
increased water exports from the Delta, reduce water inflow to the Delta, change the timing and volume
of Delta inflow, or increase heavy metal contamination into the Delta (Kanim and Taniguchi 1993). Some
examples are: Delta Wetlands, and the South and North Delta Water Management plans currently
undergoing consultation. The Delta Wetlands Project would use two Delta islands for water storage, with
the water being sold either for south-of-Delta uses or for within-Delta uses (e.g., outflow). The project
is of interest because of its pioneering use of Delta islands (many of which are below sea level) for water
storage and wetlands and for its potential positive and negative effects on Delta fishes, depending on how
the project (or similar projects) is operated.

Delta levee failures. Levees around Delta islands are largely constructed of mud and peat and
are subject to failure and subsequent flooding of islands they are supposed to-protect. Massive levee
collapse as the result of earthquakes and exceptionally high tides and winds would drastically change the

- hydraulics and salinity regime of the Delta. It also would reduce the amount of fresh water that could

be transported across the Delta to the CVP and SWP pumps. The effects of such a collapse on Delta
organisms also would be drastic and difficult to predict, beyond saying that a major faunal shift probably
would occur, perhaps resulting in extinction of some native species. Deliberate flooding of Delta islands
requires reinforced levees and therefore would have much less effect on estuarine conditions and through-
Delta water transport than flooding via levee failure.

Contaminants. Little is known about the direct effects of toxic pollutants on the biota of the
estuary, including the seven species in this recovery plan. However, the waters of the Bay-Delta estuary
receive significant inputs of toxic pollutants annually and the amounts and types are changing constantly.
The Aquatic Habitat Institute under contract to the State Water Resources Control Board (1990) estimated
that from 2,526 to 17,039 metric tons of pollutants enter the estuary annually through point sources, urban
and non-urban runoff, riverine sources, dredging, spills and atmospheric deposition. The pollutants include
arsenic, cadmium, chromium, copper, hydrocarbons, lead, mercury, nickel, organochlorines, selenium,
silver, tributyltin and zinc. Several of these pollutants are present at concentrations that may have lethal
and sublethal toxic effects on aquatic life. In addition, "new" pollutants (such as the pesticide carbofuran)
may have unexpected effects, such as episodic (but hard to detect) kills of microcrustaceans that are
important in Delta food webs. While there is no clear evidence that toxic pollutants have caused the
decline of any of the species in this Recovery Plan, it is quite possible that these pollutants may have
contributed to their declines and may impede full recovery.

Introduced species. The Sacramento-San Joaquin estuary is an ecosystem dominated by introduced
species from top predators such as striped bass to plankton feeders such as the Asiatic clam,
Potamocorbula amurensis. New species are arriving constantly, largely through ballast water of ships,
and each arrival has the potential to cause a major shift in the food web dynamics of the estuary. Such
shifts may drive some native species to extinction or make recovery of depleted species much more
difficult. Exactly which exotic species are likely to arrive and become established is impossible to predict.
However, as long the introduced species lottery continues to exist, drastic changes in the ecosystem can
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be expected periodically.

Human population growth. California's population is predicted to increase to 50 million by 2020.
Such growth places increasing demands on scarce water. Unless the human population stabilizes, the long-
term prospects are problematic for conserving adequate water supplies to maintain declining species, such
as the seven featured in this report.

Climate change. In the past decade (1984-1994), California experienced more variability in
precipitation than had occurred in the previous century. The result was an extended drought interrupted
by a record flood and an exceptionally wet year. Tree ring records indicate that droughts of 20-50 years
or longer were common in the past, yet California's water management system is based on the assumption
that such extended droughts do not occur. A lengthy drought will severely test society's willingness to
continue to provide water for environmental purposes, especially in the Delta, when the agricultural and
urban economies are severely stressed because of inadequate water supplies. '

SPECIES ACCOUNTS

The core of this Recovery Plan are the accounts for the seven species. Each account has 14 sections, as
described below. Except for the sections dealing with recovery; each account (except San Joaquin fall
chinook salmon) is a slightly updated and revised version of the accounts in Fish Species of Special
Concern for California (Moyle et al. 1993). The accounts have been extensively reviewed as part of the
original publication and by the Recovery Team.

Status: Summary of the official status of each species. Only the delta smelt is formally listed as a
threatened species at the present time, although the splittail is proposed for threatened status. All species
are in decline, however.

Recovery potential: ' This rating follows the USFWS guidelines as specified in the Federal Register
(1983, 48 - 184: 43098-43105). '

Description: A brief description of the distinguishing features of the species, largely based on Moyle
(1976).

Taxonomic relationships: A summary of the taxonomic history of the species and reasons for
considering the estuary population as a distinct unit for the purposes of the Recovery Plan.

Distribution: Distribution of the species.
Habitat requirements: Habitat requirements of the species.

Life History: Summaries of basic information on the biology of each species from both published and
unpublished information.

Abundance: The best estimates available of current abundance and abundance trends. For splittail,
longfin smelt, and delta smelt, trends were determined primarily through the long-term data sets from
bottom and midwater trawling of the California Department of Fish and Game (CDFG) and University
of California, Davis (UCD). Green sturgeon numbers came from the sturgeon studies of CDFG and from
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fisheries statistics. Chinook salmon numbers are derived from various counts of adults in the rivers, from
juvenile surveys of various sorts, and from other fishery statistics. Numbers for all species from the
SWP and CVP fish salvage operations were used to assess affects of project operations in.recent years.

Reasons for decline: A summary of reasons for decline, in approximate order of importance.
Conservation measures: A summary.of measures currently underway to protect the species.

Recovery objective: A short statement of the general objective for restoring populations of the species
to sustainable numbers. In general, the recovery objective for each species has to be accomplished in the
context of the recovery of other species in the Recovery Plan.

Recovery criteria: The recovery criteria are quantifiable, species-specific criteria that can be used (1)
to monitor the effectiveness of recovery actions, (2) to determine when the species has recovered to a
secure level (stabilized) and (3) when the species qualifies for delisting (if formally listed). When
possible, recovery criteria are based on two independent measures: population abundance and geographic
distribution. For each species, a historic base period was established using available data to characterize
abundance and distribution during a pre-decline period. Recovery criteria therefore represent historic

-abundance and distribution patterns, including natural variation in both measures. The time period over

which abundance and distribution criteria must be met was set at five generations, based on criteria found
in other fish recovery plans. -

When a species meets both abundance and distributional criteria for five generations, it will be
considered stabilized (recovered) but, if formally listed under the Endangered Species Act, not necessarily
eligible for delisting. This will enable quick implementation of additional actions needed to increase
protection if ongoing monitoring demonstrates that the species no longer meets recovery criteria after the
five-generation period. Species not formally listed should be treated with the same caution.

For a species to be considered for delisting, abundance and distribution criteria must be
maintained for a five-generation period. For five of the seven species there is an additional requirement
of meeting the criteria through a minimum number of years of stressful environmental conditions. In
general, stressful environmental conditions are considered to be those occurring during dry or critically
dry years when freshwater outflow from the Delta is substantially reduced. For one species, exceptionally

“high outflow years may also be considered as stressful. The placement of legal and operational

mechanisms to ensure the continuation of favorable conditions may also lead to a consideration of
delisting.
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Figure 1.1 Map of the Sacramento-San Joaquin estuary.
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2. DELTA SMELT

Hypomesus transpacificus McAllister

—

Introduction
Status: Endemic species. Federally and State listed as Threatened, 1993.

Recovery potential: 2C'. The delta smelt is under a high degree of threat, but it managed to survive
the severe 1986-1992 drought in small numbers and rebound to pre-decline levels in 1993 suggestlng that
its recovery potential is fairly high.

Description: Delta smelt are slender-bodied fish that typically reach 60-70 mm SL, although a few may
reach 120 mm SL. The mouth is small, with a maxilla that does not extend past the midpoint of the eye.
The eyes are relatively large, with the orbit width contained approximately 3.5-4 times in the head length.
Small, pointed teeth are present on the upper and lower jaws. The first gill arch has 27-33 gill rakers
and there are 7 branchiostegal rays. The pectoral fins reach less than two-thirds of the way to the bases
of the pelvic fins. There are 9-10 dorsal fin rays, 8 pelvic fin rays, 10-12 pectoral fin rays, and 15-17
anal fin rays. The lateral line is incomplete and has 53-60 scales along it. There are 4-5 pyloric caeca.
Live fish are nearly translucent and have a steely-blue sheen to their sides. Occasionally there may be
one chromatophore between the mandibles, but usually there is none.

Taxonomic Relationships: The taxonomic history of this species is detailed in Moyle (1976). The delta .
smelt was first considered to be a population of the widely distributed pond smelt, Hypomesus olidus.
Hamada (1961) recognized pond smelt and delta smelt as different species and renamed the pond smelt
H. sakhalinus, retaining the name H. olidus for delta smelt and wakasagi. McAllister (1963) redescribed
delta smelt as H. transpacificus, but with Japanese and California subspecies, H. t. nipponensis and H.
t. transpacificus, respectively. Subsequent studies have shown that the two widely separated subspecies
should be recognized as species, with delta smelt being H. transpacificus and the Japanese species
(wakasagi) being H. nipponensis (Moyle 1980). Wakasagi were introduced into California reservoirs on
the assumption that they were the same species (H. olidus) as the delta smelt (Moyle 1976).
Electrophoretic studies have demonstrated that wakasagi and delta smelt are genetically very distinct and
presumably derived from different marine ancestors (Stanley et al. 1993). The genetic differences are -
great enough so that even introgressive hybridization between the two species is unlikely.

Distribution: Delta smelt are endemic to the upper Sacramento-San Joaquin estuary (Figure 1.1). They
occur in the Delta primarily below Isleton on the Sacramento River, below Mossdale on the San Joaquin
River, and in Suisun Bay. They move into freshwater when spawning (ranging from January to July) and
can occur in the Sacramento River as high as Sacramento, the Mokelumne River system, the Cache
Slough region, the Delta, and Montezuma Slough area of the estuary. During high outflow periods, they
may be washed into San Pablo Bay, but they do not establish permanent populations there. Since 1982,

The team originally assigned a 5C recovery priority to delta smelt.based on a high degree of
threat and low recovery potential due to uncertainty as to the exact cause of decline. One member of the
Team ranked delta smelt as 11C because the abxhty of the species to survive the recent extended drought
indicated that the degree of threat to it was "moderate" rather than "high."
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the center of delta smelt abundance has been the northwestern Delta in the channel of the Sacramento

River. However, high outflows in the winter of 1992-93 allowed delta smelt to recolonize Suisun Bay
in 1993 (D. Sweetnam, CDFG, unpublished data). Delta smelt are captured seasonally in Suisun Marsh.

Habitat Requirements: Delta smelt are euryhaline fish that rarely occur in water with more than 10-12
ppt salinity (about 1/3 sea water). Historically, they have been most abundant in shallow areas where
early spring salinities are around 2 ppt (3.0 mS/cm) (Figure 2.1). During the recent drought (1987-92),
delta smelt were concentrated in deep areas in the lower Sacramento River near Emmaton, where average
salinity ranged from 0.36 to 3.6 ppt for much of the year (Figure 2.1) (DWR 1994). During years with
wet springs (such as 1993), delta smelt may continue to be abundant in Suisun Bay during summer even
after the 2 ppt isohaline has retreated upstream (Sweetnam and Stevens 1993). Fall abundance of delta
smelt is generally highest in years when salinities of 2 ppt are in the shallows of Suisun Bay during the
preceding spring (p < 0.05, r = 0.50) (Herbold 1994). Herbold (1994) found a significant relationship
. between number of days when 2 ppt was in Suisun Bay during April with subsequent delta smelt
-abundance (p < 0.05, r = 0.49) (Figure 2.2), but noted that autocorrelations in time and space reduce
the reliability of any analysis that compares parts of years or small geographical areas.

Wang (1986) reported spawning taking place in fresh water at temperatures of about 7-15°C.
However, ripe delta smelt and recently hatched larvae have been collected in recent years at temperatures
- of 15-22° C, so it is likely that spawning can take place over the entire 7-22° C range. Temperatures that
are optimal for survival of embryos and larvae have not yet been determined, although R. Mager, UCD,
(unpublished data) found low hatching success and embryo survival from spawns of captive fish collected
at higher temperatures. Delta smelt of all sizes are found in the main channels of the Delta and Suisun
Marsh and the open waters of Suisun Bay where the waters are well oxygenated and temperatures
relatively cool (usually less than 20-22°C in summer). When not spawning, they tend to be concentrated
near the zone where incoming salt water and outflowing freshwater mix (mixing zone). This area has the
highest primary productivity and is where zooplankton populations (on which delta smelt feed) are usually
most dense (Knutson and Orsi 1983; Orsi and Mecum 1986). -

Life History: Delta smelt inhabit open, surface waters of the Delta and Suisun Bay, where they
presumably school. Spawning takes place between January and July, as inferred from larvae collected
during this period (Wang 1986; Sweetnam and Stevens 1993; D. Sweetnam, CDFG, unpublished data).
Timing and length of the spawning season may vary (Figure 2.3). Spawning usually takes place from late
March through mid-May in low outflow years. Spawning pulses have not been detected (Wang and
Brown 1993). Most spawning occurs in sloughs and shallow edge-waters of channels in the upper Delta
and in the Sacramento River above Rio Vista, although it has been recorded in Montezuma Slough near
Suisun Bay (Wang 1986) and also may occur in Suisun Slough in Suisun Marsh (P. Moyle, UCD,
unpublished data). Delta smelt eggs are demersal and adhesive, sticking to hard substrates such as rock,
gravel, tree roots or submerged branches, and submerged vegetation (Moyle 1976; Wang 1986). At 14-
16° C, embryonic development to hatching takes 9 -14 days and feeding begins 4-5 days later (R. Mager,
UCD, unpublished data). Newly hatched delta smelt have a large oil globule that makes them semi-
buoyant, allowing them to maintain themselves just off the bottom (R. Mager, UCD), unpublished data),
where they feed on rotifers and other microscopic prey. Once the swimbladder develops, larvae become
more buoyant and rise up higher into the water column. At-this stage (16-18 mm TL), most are
presumably washed downstream until they reach the mixing zone or the area immediately upstream of it.
Growth is rapid and juvenile fish are 40-50 mm long by early August (Erkkila et al. 1950; Ganssle 1966;
Radtke 1966). By this time, young-of-year fish dominate trawl catches of delta smelt, and adults become
rare. Delta smelt reach 55-70 mm SL in 7-9 months (Moyle 1976). Growth during the next 3 months
slows down considerably (only 3-9 mm total), presumably because most of the energy ingested is being
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directed towards gonadal development (Erkkila er al. 1950; Radtke 1966). There is no correlation
between size and fecundity, and females between 59-70 mm SL lay 1,200 to 2,600 eggs (Moyle et al.

1992). The abrupt change from a single-age, adult cohort during spawning in spring to a population
" dominated by juveniles in summer suggests strongly that most adults die after they spawn (Radtke 1966).

In a near-annual fish like delta smelt, a strong relationship would be expected between number
of spawners present in one year and number of recruits to the population the following year. Instead, the
stock-recruit relationship for delta smelt is weak, accounting for about a quarter of the variability in
recruitment (Sweetnam and Stevens 1993). This relationship does indicate, however, that factors affecting
numbers of spawning adults (e.g., entrainment, toxics, predation) can have an effect on delta smelt
numbers the following year.

Delta smelt feed primarily on planktonic copepods, cladocerans, amphipods and, to a lesser extent,
on insect larvae. Larger fish may also feed on the opossum shrimp, Neomysis mercedis. The most
important food organism for all sizes seems to be the euryhaline copepod, Eurytemora affinis, although
in recent years the exotic species, Pseudodiaptomus forbesi, has become a major part of the diet (Moyle
et al. 1992). Delta smelt are a minor prey item of juvenile and subadult striped bass, Morone saxatilis,
in the Sacramento-San Joaquin Delta (Stevens 1966). They also have been reported from the stomach
contents. of white catfish, Ameiurus catus, (Turner and Kelley 1966) and black crappie, Pomoxis
nigromaculatus, (Turner and Kelley 1966) in the Delta.

Abundance: Delta smelt were once one of the most common pelagic fish in the upper Sacramento-San
Joaquin estuary, as indicated by its abundance in CDFG traw! catches (Erkkila et al. 1950; Radtke 1966;
Stevens and Miller 1983). Delta smelt abundance from year to year has fluctuated greatly in the past,
but between 1982 and 1992 their population was consistently low. The decline became precipitous in
1982 and 1983 due to extremely high outflows and continued through the drought years 1987-1992 (Moyle
et al. 1992). In 1993, numbers increased considerably, apparently in response to a wet winter and spring.
During the period 1982-1992, most of the population was confined to the Sacramento River channel
between Collinsville and Rio Vista (D. Sweetnam, CDFG unpublished data). This was still an area of
high abundance in 1993, but delta smelt were also abundant in Suisun Bay. The actual size of the delta
smelt population is not known. Stevens ef al. (1990) estimated the population size to be about 280,000,
but they recognized that this value is based on a tenuous relationship between delta smelt numbers and
numbers of young striped bass and is imperfect. However, the pelagic life style of delta smelt, short life
span, spawning habits, and relatively low fecundity indicate that a fairly substantial population probably
is necessary to keep the species from becoming extinct.

Reasons for decline: The causes of the decline of delta smelt are multiple and synergistic, but seem to
be in the following order of importance: -

1. Reduction in outflows.

Increased upstream storage and diversion of water from the Sacramento and San Joaquin rivers.
and tributaries, particularly in combination with dry years, has reduced fresh water available to flush
through the estuary (Figure 2.4). Snow fall is also reduced in dry years. Increased diversions when snow
melt is low results in reduction of both total outflow and high spring outflows which are important to
spawning fish. Diversions also create reverse flows in the lower San Joaquin River, making delta smelt
more vulnerable to entrainment (see #2 in this section). For fishes and most other Delta organisms,
moderately high spring outflows are important because they cause the mixing zone of the estuary to be
located in Suisun Bay. The mixing effect allows phytoplankton, zooplankton, and larval fish to remain
in the mixing zone rather than being flushed out to sea. Suisun Bay is broad and shallow, so when the
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mixing zone is located there nutrients and algae can circulate in sunlit waters, allowing algae to grow and
reproduce rapidly (Arthur and Ball 1978; Cloern 1979). This provides food for zooplankton, which are
food for plankton-feeding fish such as delta smelt and their larvae. Low outflows place the mixing zone
in the deep, narrow channels of the Delta and Sacramento River where productivity of phytoplankton is
lower because much of the water is beyond the reach of sunlight. Presumably, if the food supply is
inadequate, fish either starve to death or have increased mortality from predation, as a result of slower
- growth rates.

Strong statistical relationships between outflow and abundances of striped bass, American shad,
chinook salmon, longfin smelt, splittail were demonstrated by Stevens (1977), Daniels and Moyle (1980),
and Stevens and Miller (1983). Stevens and Miller (1983) failed to find this same relationship for delta
smelt. Nevertheless, there is a relationship between outflows and delta smelt abundance (Figure 2.5).
Moyle and Herbold (1989) found that lowest delta smelt numbers occurred either in years of low or
- extremely high outflow, but there was no outflow-abundance relationship at intermediate outflows.

2. Entrainment losses to water diversions.

This factor is closely tied to the first factor because as diversions increase in drier years, there
is less fresh water available to transport larval and juvenile fish to Suisun Bay. Water is pumped out of
the system through numerous small diversions for Delta farms and large diversions of the Federal Central
Valley Project (CVP) and State Water Project (SWP). Water is also pumped through power plants for
cooling west of the Delta. Recent analyses by CDFG (1987a; 1992 WRINT-Exhibit 2 and 3) indicate that
entrainment of young fish in these diversions has been a major cause of the ongoing decline of striped
bass. It is likely that this entrainment loss is also a major factor affecting delta smelt populations, as
delta smelt are ecologically similar to larval and juvenile striped bass.

Large numbers of young delta smelt are entrained at CVP and SWP plants just as young striped
bass are. Efforts are made to rescue fish being entrained at CVP and SWP plants by trapping them and
trucking them back to the Delta. The effectiveness of this procedure has not been well evaluated, but it
is unlikely that many delta smelt survive the handling it involves. Experience in capturing and handling
the fishes of the estuary indicates that delta smelt are easily stressed and probably die from handling (P.
Moyle, UCD, unpublished data). Although it is likely that losses of delta smelt to entrainment are
important (especially in dry years), analyses by DWR and CDFG have failed to find a s1gmﬁcant
relationship between salvage and subsequent abundance of delta smelt (DWR 1993).

When CVP and SWP pumps are operating, delta smelt are also more vulnerable to hundreds of
siphons and pumps throughout the Delta that irrigate Delta islands. When larvae are concentrated in the
river channels they are more likely to be entrained in major and minor diversions. High export pumping
in dry years changes the hydraulics of the Delta such that small fish wind up in Delta channels rather than
down in Suisun Bay where they are relatively immune to entrainment. Studies -are currently being
conducted to quantify losses of delta smelt and other fishes to these diversions. Some delta smelt have
been captured in agricultural diversions during the studies, but it appears that season, location and size
of the diversion are major factors affecting entrainment of delta smelt (DWR 1993).

Another major diversion within the habitat of delta smelt is the power generation facilities
operated by Pacific Gas and Electric Company west of the Delta, near Pittsburg. These facilities entrain
large numbers of delta smelt juveniles and larvae. Although larvae entrained in cooling systems are not
necessarily lost and some fish of other species may survive, effects on delta smelt, a relatively delicate
species, are mostly unknown. However, preliminary studies indicate that 100% mortality of delta smelt
takes place at current cooling tower temperatures (T. Swanson, UCD, personal communication).

Several million larval and juvenile delta smelt are estimated as lost in State, Federal, agricultural -

and cooling diversions each year. Impacts of these diversions contributed to decline of delta smelt and
limit potential for full recovery of the species.
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3. High outflows.
Years of major delta smelt decline have been characterized not only by unusually dry years with
exceptionally low outflows (1987-1991) but also by unusually wet years with exceptionally high outflows

_ (1982, 1986). High outflows presumably flush delta smelt out of the system along with much of the

zooplankton. This means that not only is potential spawning stock of delta smelt reduced, but its food
supply as well. Furthermore, depletion of established populations of invertebrates and fish may have
made it easier for exotic species of copepods, clams, and fish to colonize the estuary (see #4), which may
be detrimental to delta smelt.

4. Changes in food organisms.
In recent years, three- exotic copepods (Sinocalanus doerrii and two specxes of the genus

Pseudodiaptomus) have invaded the estuary and increased in numbers while the dominant native
euryhaline copepod, Eurytemora affinis, has declined. Whether or not this is caused by competition
between native and introduced species, by selective predation on the native copepod, or by changes in

-estuarine conditions that favor the introduced species is not known. CDFG (1987a) studies show that -

larval striped bass do not feed on S. doerrii as much as their abundance would indicate. Apparently, S.
doerrii can swim faster and therefore avoid predation more easily than E. affinis (Meng and Orsi 1991).
Feeding by delta smelt larvae probably is affected in ways similar to that of striped bass larvae by this
change in zooplankton species, so decreased abundance of native copepods may increase the likelihood
of larval starvation. However, juvenile and adult delta smelt can apparently switch to Pseudodiaptomus
Jorbesi and attain similar levels of fullness (Moyle et al. 1992)

Another potential indirect cause of larval starvation is the recent invasion (1986-87) of the
euryhaline clam, Potamocorbula amurensis, which is now abundant in Suisun Bay. This clam has reduced
phytoplankton populations in the bay with its high filtration rates and dense populations. This clam has *
obviously not been responsible for delta smelt declines, which began before invasion of the clam, but it
may help keep delta smelt populations at low levels by reducing availability of zooplankton for larvae.

Yet another complicating factor is the rise in abundance of the diatom Melosira, at some times
to the point where it is the most abundant species of phytoplankton. This diatom grows in long chains
and is very difficult for zooplankton to graze on; thus the change in composition and abundance of
zooplankton may also be tied to the increased importance of this diatom. The causes of increase in
Melosira are not known, but may be related to an increase in water clarity in recent years.

5. Toxic substances.

The waters of the estuary receive a variety of toxic substances, including agricultural pesticides,
heavy metals, and other products of urbanized society. The effects of these toxic compounds on larval
fishes and their food supply are poorly known, but there is growing evidence that larval striped bass are
suffering direct mortality or additional stress from low concentrations of toxic substances (Bennett ez al.
1990). There is also evidence that planktonic organisms upon which delta smelt feed may be depleted
on occasion by brief aperiodic flushing of high concentrations of pesticides (e.g., carbofuran) through the
system (H. Bailey, UCD, personal communication). It is not known if these substances also are affecting
delta smelt.

6 Disease, competition, and predation.
There is no evidence that disease, competition, or predation has caused delta smelt populatxons

to decline, despite the abundance of introduced species in the estuary. However, diseases and parasites

. of delta smelt have never been studied. The effects of predation by fishes such as introduced striped bass

or competition from introduced planktivores such as threadfin shad, Dorosoma petenense, and inland
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silverside, Menidia beryllina, likewise have not been studied. Although delta smelt has managed to
coexist with these species in the past, it is quite possible that at low population levels interactions with
them could prevent recovery. In particular, inland silversides are usually collected in areas where delta
smelt may spawn and they could be major predators on eggs and larvae. Recently (since 1988),
chameleon.gobies, Tridentiger trigonocephalus, have increased dramatically in the Delta. Adults of this
species and yellowfin goby, Acanthogobius flavimanus, may prey on delta smelt eggs and larvae and
interfere with recovery of the species. However, populations of many other fish species, including striped
bass, appear to be depressed in the upper estuary (Moyle et al. 1985; Stevens et al. 1985; Herbold et
al. 1992), so a factor affecting just one species is likely to be a secondary cause of decline at best.

In past years, efforts to enhance striped bass populations by planting large numbers of juveniles
from hatcheries could have had a negative effect on other pelagic fishes in the estuary. The enhanced
predator populations, without a concomitant enhancement of prey populations such as delta smelt, may
have resulted in excessive predation pressure on prey species. A particular problem has been the planting
of thousands of juvenile striped bass at Rio Vista, near areas where delta smelt have concentrated in recent
years. In 1992, planting of juvenile striped bass was halted indefinitely by CDFG because of potential
effects of predation on juvenile winter-run chinook salmon and delta smelt.

Most of the species that inhabit the Delta are non-native, including fishes that feed on zooplankton
during some life stage. These fishes were introduced over a long-time period and have established
themselves with varying degrees of success. There is no evidence, however, that competition for food
or space with other aquatic organisms has affected delta smelt populations. Because productivity in the
Sacramento-San Joaquin estuary is relatively low compared to other estuaries, food limitation in the
estuary may contribute to competition among species, but evidence of this. phenomenon has not been
documented.

7. Loss of genetic integrity.

‘ Wakasagi, or Japanese pond smelt, were introduced successfully into reservoirs in the Sacramento
drainage and subsequently have been collected from downstream areas. Wakasagi are present in Folsom
Reservoir and also have been collected in the American River (L. Brown and P. Moyle, UCD,
unpublished data) and the Delta (SWP, unpublished data). It is possible that the wakasagi can hybridize
with delta smelt, but introgressive hybridization seems unlikely given their great genetic differences
(Stanley er al. 1993).

Reasons for listing: - The reasons ‘for listing a species as threatened or endangered fall into five
categories, according to the Endangered Species Act of 1973: "(A) the present, or threatened, destruction,
modification, or curtailment of its habitat or range, (B) over-utilization for commercial, recreational, or
educational purposes, (C) disease or predation, (D) inadequacy of existing regulatory. mechanisms, or (E)
other natural or manmade factors affecting its continued existence.” All these factors apply, except over-
utilization (delta smelt are not harvested).

Modification of habitat is the biggest single reason for listing because both the Delta and Suisun
Marsh have been altered by reductions in outflows caused by increased diversion of inflowing freshwater
(Section 1, above). Water diversions also result in entrainment losses (Section 2, above). Disease or
predation, in contrast, are at best minor causes of the listing (Section 6, above). Other natural or
manmade factors that affect its continued existence include exceptionally high outflows (Section 3),
changes in food organisms (Section 4), toxic substances (Section 5) and loss of genetic integrity (Section
7). Because delta smelt prefer shallow water (Moyle et al. 1992) and use shallow, vegetated habitat for
spawning, the decrease in fresh- and brackish-water floodable marshlands in recent decades probably also
contributed to the general decline. -
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Inadequacy of existing regulatory mechanisms is a factor which contributes to all of the above
direct threats to continued existence of delta smelt. The State agency with the most ability to regulate the
estuarine environment is the State Water Resources Control Board (SWRCB), which has consistently set
standards that fail to protect delta smelt and other delta organisms. The recent history of this regulatory
inadequacy is as follows:

1978. SWRCB adopted Decision 1485, which set comprehensive water quality standards for the Delta,
even though USFWS Stated that this would result in maintaining fish and wildlife at a "degraded level."
The principal measure of success of the standards was an index of striped bass abundance (minimum SBI
= 79).

1980. USEPA approved the D-1485 standards on the condition that SWRCB adopts additional standards
as necessary to protect the estuary, under its obligations through the Clean Water Act.

1981. In the first trxenmal review of the water quality standards, USEPA urged SWRCB to revise the
standards "to protect the Delta fishery." SWRCB did not do so.

1985. In the second triennial review of the wéter quality standards, USEPA again expressed concern about
the inadequacy of SWRCB standards. The SWRCB agreed the standards are madequate but failed to adopt
new ones. The SBI dropped to record lows (1.2 in 1983, 2.2 in 1985). .

1986. The State Court of Appeals in San Francisco afﬁrmed SWRCBs obligation to protect fish and
wildlife resources of the estuary, among other findings relating to the Board's regulatory obligations.

1987. USEPA indicated it could no longer approve of the SWRCB's D-1485 standards but agreed to take
no action until hearings on new standards were completed. During the hearings, testimony was given that
the delta smelt is in serious decline.

1988. SWRCB issued new draft standards that would substantially improve conditions in the estuary.

1989. The draft standards were withdrawn by SWRCB. This was the third year of drought and yet the
State Water Project pumped record amounts of water through the Delta. The State Fish and Game
Commission refused to list the delta smelt as a threatened species, desplte the recommendation of the
Department of Fish and Game that they should do so.

-+ 1991. SWRCB adopts a water quality control plan that does not provide for critical salinity or flow
protections. USEPA disapproved of the plan in that it did not provide adequate protection of the estuary.

1992. SWRCB held another series of hearings and released draft Decision 1630 that presented interim
water quality standards. While D-1630 offered substantial improvements in environmental quality above
the D-1485 standards, USEPA indicated the proposed standards were still inadequate.

1993. SWRCB withdraws D-1630. EPA issues its own proposed standards after threatened with a lawsuit
from 16 environmental groups for not complying with the Clean Water Act.

In addition to this extended series of interactions by SWRCB and USEPA, other regulatory

failures were also evident. New species of organisms continued to invade the estuary, introduced from
the unregulated dumping of ballast water by ships. Toxic compounds continued to enter estuarine food
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webs, resulting in probable mortalities to fish larvae and small crustaceans and resulting in health
warnings about consumption of fish from the estuary.

Conservation measures: The State Water Resources Control Board recognized the need for more
outflows to protect native fishes and other "public trust resources” in their proposed Decision 1630, which
recommended increased outflows and a variety of other measures to protect fish. The decision was not
implemented because of the controversial nature of the proposed actions, not because fisheries declines
were widely disputed. The Bay-Delta Oversight Committee was appointed by Governor Pete Wilson to
develop alternative solutions to the problem of declining fish populations. Ultimately, solutions will have
to be adopted by SWRCB because USEPA has proposed, under the Clean Water Act, water quality
standards for the estuary. These standards, if adopted and implemented by the SWRCB, should offer
considerable protection to delta smelt and other fishes.

The Central Valley Project Improvement Act of 1992 makes protection of fish one of the goals
of the CVP and dedicates part of the project's water to conservation; presumably some of this water will
be used to enhance conditions in the estuary for delta smelt and other native fishes.

Endangered species consultations with NMFS (winter-run chinook salmon) and USFWS (delta
smelt) have occurred for CVP Operations Criteria and other projects. Recommended actions, such as
reduced pumping by the CVP and SWP and screening of diversions, should also be beneficial to delta
smelt and other native species. ‘

Table 2.1A and 2.1B list Federal actions that will affect delta smelt. . Section 7(a)(2) of the
Endangered Species Act of 1978, as amended, requires Federal agencies to consult with the USFWS or
the National Marine Fisheries Service on the potential adverse effects of projects on listed species.
Section 10(a) of the Endangered Species Act requires State and private entities proposing projects that may
take a listed species to provide a Conservation Plan that minimizes incidental take. "Take" is defined as
any action that may harass, harm, pursue, hunt, shoot, wound, kill, trap, capture, or collect, or attempt
to engage in any such conduct with a listed species. '

On January 6, 1994, USFWS has proposed designation of critical habitat of delta smelt to include
all of Suisun Bay and the Delta (Figure 2.6). The designation of critical habitat requires analysis and
possible modifcations of all habitat-altering activities taking place within the region. The official
description reads as follows: T

“"Areas of all water and all submerged lands below ordinary high water and the entire water
column bounded by and contained in Suisun Bay (including the contiguous Grizzly and Honker bays); the
length of Montezuma Slough and the existing contiguous waters contained within the Delta, as defined
by section 12220, of the State of California's Water Code (a complex of bays, dead-end sloughs, channels
typically less than 4 meters deep, marshlands, etc. as follows:

Bounded by a line beginning at the Carquinez Bridge which crosses Carquinez Strait, thence
northeasterly along the western and northern shoreline of Suisun Bay, including Goodyear, Suisun, Cutoff,
First Mallard (Spring Branch), and Montezuma sloughs; thence upstream to the intersection of Montezuma
slough with the western boundary of the Delta as delineated in Section 12220 of the State of California's
Water Code of 1969; thence following a boundary and including all contiguous water bodies contained
within the statutory definition of the Delta, to its intersection with the San Joaquin River at its confluence
with Suisun Bay; thence westerly along the south shore of Suisun Bay to the Carquinez Bridge."

As a back-up measure, delta smelt culture techniques and facilities are being developed. Initial
efforts to breed delta smelt in captivity have been successful, although rearing beyond the larval stage so
far has not been possible (R. Mager, UCD, unpublished data). However, if hatchery propagation is to
be successful, fish must be released into an environment that provides ample food, low levels of toxic
compounds, and low entrainment losses.

Ongomg research on delta smelt includes studies of distribution, abundance, spawning habits,
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cohort analysis, effects of toxics and predation. Researchers are developing procedures for separating
delta, longfin and wakasagi smelt, including taxonomic keys and electrophoretic work. Work is being
done on losses of delta smelt to diversions and on improving fish handling at water project diversions.
Models are being developed of delta smelt population dynamics and persistence. Investigations are being
conducted on delta smelt reproductive cycle, gametogenesis and environmental tolerance to changes in

‘salinity, temperature and flow.

RECOVERY
Objective

The objective of this part of the Delta Native Fishes Recovery Plan is to remove delta smelt from
the Federal list of threatened species through restoration of its abundance and distribution. Recovery of
delta smelt should not be at the expense of other native fishes. The basic strategy for recovery is to
manage the estuary in such a way that it is a better habitat for native fish in general and delta smelt in
particular. Improved habitat will allow delta smelt to be widely distributed throughout the Delta and
Suisun Bay, recognizing that areas of abundance change with season. Recovery of delta smelt will
consist of two phases, recovery and delisting. Separate recovery and delisting periods were identified
because it is possible that recovery criteria can be met fairly quickly in the absence of consecutive extreme
outflow years (i.e., extremely-wet or dry years). However, without the population being tested by
extreme outflows there is no assurance of long-term survival for the species. Thus, recovery is defined
as a return of the population to pre-decline levels, but delisting is not recommended until the population
has been tested by extreme outflows. Delta smelt will be eligible for recovered status when its population
dynamics and distribution pattern within the estuary are similar to those that existed in the 1967-1981
period. This period was chosen because it includes the earliest continuous data on delta smelt abundances
and was a period in which populations stayed reasonably high in most years (see below for a more
detailed justification). The species will qualify for delisting when it goes through a five-year period that
includes two sequential years of extreme outflows, one of which must be dry or critically dry. Delta
smelt will be eligible for delisting when the species meets recovery criteria under stressor conditions
comparable to those that led to listing and mechanisms are in place that insure the species' continued
existence. BN

Recovery Criteria

Recovery of delta smelt should be assessed when the species satisfies distributional and abundance
criteria. Distributional criteria include catches of delta smelt in all zones 2 of 5 consecutive years, in at
least two zones in 1 of the remaining 3 years, and in at least one zone for the remaining 2 years.
Abundance criteria are: delta smelt numbers must equal or exceed 239 for 2 out of 5 years and not fall
below 84 for more than two years in a row. Distributional and abundance criteria can be met in different
years. If abundance and distributional criteria are met for a five-year period the species will be
considered recovered. Delta smelt will be considered for delisting when abundance and distributional
criteria are met for a five-year period which includes two successive extreme outflow years, with one year
dry or critical. Delisting is contingent on the placement of legal mechanisms and interagency agreements
to manage the CVP, SWP, and other water users to meet these criteria. Both criteria depend on data
collected by CDFG during the Fall Midwater Trawl Survey (FMWT), during September and October.

Justification for using FMWT numbers: The FMWT covers the entire range of delta smelt distribution
and provides one of the two best measures of delta smelt abundance (Sweetnam and Stevens 1993). The

.19

C—048396

C-048396



summer tow-net survey samples juveniles of this annual species and provides another good measure of
abundance. The FMWT provides a better measure of abundance because it samples pre-spawning adult
delta smelt. An index based on pre-spawning adults, rather than on juveniles which are vulnerable to high
mortality, provides a better estimate of delta smelt stock and recruitment.

September and October numbers of adults were chosen, because these are the months that were
sampled most consistently in all years. In addition, when delta smelt begin moving upstream to spawn
in November and December they occur less frequently in the FMWT. Weather conditions are also more
stable in September and October. The more frequent storms of November and December produce
conditions that result in more variability in fish-capture numbers. There is a high correlation between
September and October numbers and total numbers (r = 0.93).

Delta smelt numbers rather than the abundance index was used for recovery criteria. The
abundance index was initially developed for striped bass. Numbers were chosen because delta smelt
occupy the upper water column. Multiplying delta smelt captured by volume of water sampled probably
doesn't give a good representation. of the number of fish present. Using numbers for delta smelt
simplifies the assumptions of the criteria and there is a close correspondence between numbers and the
abundance index for delta smelt (r=0.89).

Justification for using 1967-1981 for the standard: Graphs from different surveys were used to
establish pre-decline and post-decline periods for delta smelt (Moyle et al. 1992). The surveys included
were the FMW.T, summer tow-net, Suisun Marsh fish survey and the bay survey (Appendix A). Each
of the surveys showed slightly different patterns of decline. The most noticeable trend is that delta smelt
decline began earlier in the south and east Delta than in the rest of the estuary (Sweetnam and Stevens
1993). The pre-decline period identified by Moyle et al. (1992) is 1967 through and including 1981; the
post-decline period is 1982-92. Using 1982 as the beginning of the decline period is justified because
1982 and 1983 were very wet years and declines in delta smelt abundance correspond to extremes in
outflow: very dry and very wet years result in low numbers (Moyle et al. 1992). The mechanisms for
this are that delta smelt larvae are washed downstream of favorable nursery grounds in wet years; dry
years decrease spawning habitat and move adults and Juvemles upstream into less productwe deep river
channels where they are more at risk to entrainment in water projects.

Other alternatives were proposed for the decline period. One possibility was to use 1981 as the
beginning of the decline period because it was a dry year followed by the wet year 1982. The occurrence
of a dry year followed by a wet year produces a double stress on delta smelt and this may have been the
true beginning of the decline. An argument can also be made for using 1983 as the beginning of the
decline; this is the year that delta smelt declined in the FMWT and so is consistent with other recovery
criteria (which is based on the FMWT). There is a noticeable change in geographic distribution of delta
smelt in 1982 and 1983 which corresponds to the periods used in the Biological Opinion and the decline
in FMWT numbers, respectively. The decline in delta smelt numbers actually occurred over a multi-year
period from 1981- 1983; the midpoint of this period, 1982, was used as the beginning of the decline.

Justification for including distributional recovery criteria: Geographical distribution was used as well
as numbers of fish to measure recovery because recovery of delta smelt should include a restoration of
the species to their former range. Before 1982 delta smelt were captured at an average of 19 FMWT
stations; after 1981 they were captured at an average of 10 stations. From 1986-1992 the delta smelt
population was concentrated in the lower Sacramento River between Collinsville and Rio Vista (Sweetnam
and Stevens 1993). Historically, when delta smelt were more abundant, the population was spread from
Suisun Bay and Montezuma Slough through the Delta. The shallow, productive waters of Suisun Bay and
Suisun Marsh are important habitat for delta smelt. Large percentages of delta smelt catches are in Suisun
Bay when outflows are sufficient to maintain the mixing zone and salinities of 2-3.ppt in that area. When
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delta smelt are concentrated in deep river channels due to high salinitiés in Suisun Bay they are more
vulnerable to entrainment in water project facilities, predation and other risks.

FMWT Stations chosen to measure recovery: The stations chosen for the recovery criteria had to be
sampled in every year (that the FMWT was conducted) and had to have a record of delta smelt catches.
This was modified somewhat by including stations that were sampled in all years but one (stations 509,
511, 602). The total number of stations is 35 and there is a strong correlation between delta smelt at
these stations and total numbers of delta smelt (r = 0.94).
The stations are (Figure 2.7):
Zone A (North Central Delta)
11 stations
802 804 806 808 810 812 814 903 904 906 908
Zone Bl (Sacramento River)
-5 stations
701 703 705 707 709
Zone B2 (Montezuma Slough)
4 stations
602 604 606 608
Zone C (Suisun Bay)
15 stations .
410 412 414 416 418 501 503 505 507 509 511 513 515 517 519

Distributional criteria: Distributional criteria were developed on the basis of number of stations in each
zone where delta smelt were captured during the pre-decline period (Tables 2.2, 2.3, Figures 2.7 and
2.8). For each zone the criteria are as follows: 1) in Zone A delta smelt must be captured in 2 of 11
sites; 2) in Zone B (includes B1 and B2) delta smelt must be captured in 5 of 9 sites; and 3) in Zone C
delta smelt must be captured in 6 of 15 sites. The criteria for all zones do not need to be met in all years.
Criteria for recovery are as follows: the site criteria must be met in all zones 2 of 5 consecutive years, -
in at least two zones in 1 of the remaining 3 years, and in at least one zone for the remaining 2 years.
A failure in all zones in any year will result in the start of a new 5-year evaluation period for the
distributional criteria. Failure to meet these criteria in consecutive years should be avoided because such
conditions will place the species in danger of extinction. These distributional criteria will be met in
concert with the abundance criteria.

Abundance criteria: The abundance of delta smelt that will constitute recovery is based on pre-decline
delta smelt numbers from the FMWT (Table 2.3). Two numbers were identified that had to be met
during the five-year recovery period: a low number below which abundance can not fall for more than
two years in a row and a high number to be reached or exceeded in two out of five years. A low number
was chosen to protect.delta smelt from the risk of extinction during prolonged droughts or extremes of
outflow. The lowest two-year running average of abundance in the pre-decline years was used for the
low number. A running average was used because of the great degree of variability in delta smelt
abundance. The high number is the median of delta smelt abundance in pre-decline years, in other words,
abundance of delta smelt half of the time in the pre-decline period. To meet recovery criteria, delta smelt
abundance must meet or exceed 239 in two out of five years and the two-year running average must never
fall below 84. If any of these conditions are not met, the five-year recovery period will start again.

Length of recovery and delisting period: Delta smelt generation time and frequency of occurrence of
very dry and very wet years were used to determine appropriate length of the recovery period. Because

21

C—048398
C-048398



delta smelt live only a year, a five-year recovery period would include five generations of delta smelt;
five generations is comparable to the period used in recovery plans for other fishes. A five-year recovery
period has a reasonable probability of including years with extreme outflow. The 40:30:30? Sacramento
River Indices (SRI) from 1906-1992 was used for this analysis. The goal was to identify a period that
had a high probability of including two extreme outflow years, preferably back-to-back. This method was
chosen because when two extreme years occur together delta smelt are at risk of extinction. Because
extremes in outflow led to the listing of the delta smelt, the period identified for delisting differs from
recovery and includes a stressor period. Delta smelt will be delisted when abundance and distributional
criteria have been met over a five-year period that includes two sequential years of extreme outflows.
One of the extreme years must be dry or critically dry (SRI < 6.0); the other can be wet SRI > 11.2).
Other indices can be used to identify dry, critically dry and wet years, if appropriate. Dry conditions are
included because delta smelt losses increase in dry and critical years due to high proportions of outflow
diverted which results in habitat loss and increased entrainment in water projects. Analysis of the
historical hydrograph indicated that there is about a 24% chance that two extreme years (one being dry
or critical) will occur in a five-year period. There is a 48% chance (based on the historical hydrograph)
that the period of time required to delist deita smelt could be 10 years. According to existing records,
the longest amount of time required to delist delta smelt is 38 years.

2Year-type categories adopted by the SWRCB in the 1991 Salinity Control Plan.
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Table 2.1A.  Examples of actions that set precedents for protecting delta smelt by building on previous
decisions and providing incremental protection to the Delta.

Q) Water Rights Decision 1485 by the State Water Resources Control Board, 1978

@ National Marine Fisheries Service formal long-term biological opinion on the
effects of the CVP and SWP on winter-run chinook salmon for the U.S. Bureau

of Reclamation and California Department of Water Resources, February 12,
1993 "

3 U.S. Fish and Wildlife Service formal biological opinion on the effects of the
CVP and SWP on delta smelt for the U.S. Bureau of Reclamation and California
Department of Water Resources, May 26, 1993 '

(C))] U.S. Fish and Wildlife Service formal biological opinion on the effects of the Los -
Vagqueros Project on delta smelt for the U.S. Bureau of Reclamation, U.S. Army
Corps of Engineers, and Contra Costa Water District, September 9, 1993

)] U.S. Fish and Wildlife Service biological opinion on the effects of the CVP and

SWP on delta smelt for the U.S. Bureau of Reclamation and California
Department of Water Resources, February 4, 1994 .
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Table 2.1B.

Examples of future actions with potential effects on delta smelt

M

@)

€)

Q)

)

©

Delta Wetlands Project proposed by Delta Wetlands Corporation requlrmg U.S.
Army Corps of Engineers permit

South Delta Water Management Plan by U.S. Bureau of Reclamation and
California Department of Water Resources

North Delta Water Management Plan by California Department of Water
Resources requiring U.S.Army Corps of Engineers permit

Suisun Marsh Water Management Plan by U.S. Bureau of Reclamation and
California Department of Reclamation requiring U.S. Army Corps of Engineers
permit

Pacific Gas and Electric Company Habitat Conservation Plan for U. S Fish and
Wildlife Service

Bay-Delta Water Quality Standards by U.S. Environmental Protection Agency
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Table 2.2 Number of sites with delta smelt from FMWT September and October numbers for 35 stations.
Numbers in brackets refer to station numbers. The FMWT did not sample in 1974 and 1979. See Figure
2.8 for how minimum number of sites was determined. .

Sites
Zone C Zone B Zone A
Suisun Bay Montezuma Slough North Central Delta
Sacramento River
Year (410-519) (602-709) (802-908)
Pre-decline

1967 6 8 2

1968 9 6 8

1969 11 7 0

1970 12 8 7

1971 . 13 8 8

1972 12 8 9

1973 9 9 4

1975 ‘ 12 5 5

1976 1 5 2

1977 0 5 5
1978 11 6 0

1980 10 8 3

1981 8 6 0

Minimum

number of

sites 6of 15 50f9 20f 11

Number of years R

minimum number of sites

occurred 11 out of 13 13 of 13 10 of 13

Post-decline

1982 6 s 6 1

1983 5 4 0

1984 9 3 0

1985 2 3 0

1986 10 5. 1

1987 2 4 1
1988 3 3 0

1989 6 5 3

1990 4 6 0

1991 4 6 3

1992 0 5 1

1993 12 6 4

Number of years

minimum number of sites .

occurred 5 out of 12 7 out of 12 -3 out of 12
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Table 2.3 Numbers used for delta smelt abundance criteria. Numbers are from the September and
October FMWT for 35 stations. The FMWT did not sample 1974 and 1979.

Year Number Two-year

running average

Pre-decline

1967 139

1968 251 195
1969 - 128 190
1970 589 359
1971 352 471
1972 551 452
1973 305 428
1975 239 272
1976 22 131
1977 146 84
1978 108 127
1980 312 210
1981 78 195

Post-decline -

1982 37 58
1983 17 27
1984 51 34
1985 29 40
1986 70 50
1987 72 71
1988 43 58
1989 76 60
1990 - 81 79
1991 171 126
1992 26 98
1993 300 199
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Figure 2.1 Pre- and post-decline distribution of delta smelt.

position of the mixing zone is denoted by X2.
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with delta s_mel’r

Number of
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Figure 2.8 Number of sites with delta smelt pre- and post-decline.
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3. LONGFIN SMELT
Spirinchus thaleichthys (Ayres)

Introduction

- Status: Longfin smelt is a category 2 candidate species.

Restoration potential: While the degree of threat to this species is high, its restoration potential also is
high, because of its potential to respond strongly to increased outflows. However, in 1993 (a wet year)
longfin smelt numbers were below predicted abundance.

Description: Longfin smelt can be distinguished from other California smelts by their long pectoral fins
(which reach or nearly reach the base of the pelvic fins), incomplete lateral line, weak or absent striations
on the opercular bones, low number of scales in the lateral series (54-65), and long maxillary bones
(which in adults extend just short of the posterior margin of the eye). The lower jaw projects forward
of the upper when the mouth is closed. Small, fine teeth are present on both jaws, tongue, vomer and
palatines. The number of dorsal rays is'8-10; anal rays, 15-22; pectoral rays, 10-12; gill rakers, 38-47;
and pyloric caeca, 4-6. The orbit width goes into the head length 3.6-4.5 times, and the longest anal rays
1.4-2.2 times into the head length (McAllister 1963; Miller and Lea 1972; Morrow 1980).  The lining
of the gut cavity is silvery with a few scattered speckles. The sides of living fish appear translucent silver
while the back has an olive to iridescent pinkish hue. Mature males are usually darker than females, with
enlarged and stiffened dorsal and anal fins, a dilated lateral line region, and breeding tubercles on the

paired fins and scales (McAllister 1963).

Taxonomic Relationships: The longfin smelt belongs to the true smelt family Osmeridae. Its closest
relative in California is the night smelt, Spirinchus starksi. A third Spirinchus species, S. lanceolatus,
occurs in northern Japanese waters and differs from S. thaleichthys in several morphological characters
and in timing of spawning (McAllister 1963). The longfin smelt was at one time considered to be two
species: the Sacramento smelt (S. thaleichthys) in the Sacramento-San Joaquin estuary and the longfin
smelt (S. dilatus), for the rest of the populations. McAllister (1963) merged the two species because he
thought the meristic characters separating the Sacramento smelt from the other populations represented
the southern end of a north-south cline in, the characters, rather than a discrete set. This analysis was

" confirmed by the electrophoretic study of Stanley et al. (1993), which showed only minor differences in -

allele frequencies between longfin smelt populations in Lake Washington (Washington) and those in San
Francisco Bay. The differences were sufficient, however, to demonstrate no recent gene flow between
the two populations. The longfin smelt population in the Sacramento-San Joaquin estuary is very isolated
from other populations; the closest is in Humboldt Bay, which is ca. 300 km away by sea (and may now
be extinct). Also this population is the southernmost of the species. It is similar in this respect to a
recognized run of chinook salmon (e.g., winter-run chinook) and fits the definition of an Evolutionarily
Significant Unit established by the National Marine Fisheries Service (Waples 1991).

Distribution: Historically, populations of longfin smelt in California have been present in the
Sacramento-San Joaquin estuary, Humboldt Bay, the Eel River estuary, and the Klamath River estuary.
Spawning longfin smelt have been recorded from the Van Duzen River in the Eel River drainage, and a
sample from there is in the museum collection at Humboldt State University. There are also recent
records from the mouth of the Klamath River, so it is likely that a small population still exists there (R.
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Baxter, CDFG, personal communication). In the Sacramento-San Joaquin estuary, longfin smelt are
rarely found upstream of Rio Vista or Medford Island in the Delta. Adults occur seasonally as far
downstream as South Bay but they are concentrated in Suisun, San Pablo, and North San Francisco bays.
They are rarely collected outside the estuary. The southernmost record of the species range is a single fish
from Monterey Bay (Eschmeyer et al. 1983, Wang 1986), but probably only individuals flushed out of
the Sacramento-San Joaquin estuary occur that far south.

Qutside of California, longfin smelt are reportedly found in estuaries from Oregon to Prince-
William Sound, Alaska. Emmett et al. (1991) inferred that longfin smelt were common in Skagit Bay,
" Grays Harbor and Willapa Bay in Washington, highly abundant in the Columbia River, and common in
Yaquina and Coos bays, Oregon. However, most of the Oregon and Washington inferences are not based
on actual sampling and may contradict the. results of field programs. For example, longfin smelt have
rarely been collected in Coos Bay in the past 20 years despite intensive fish sampling programs (D.
Varoujean, Oregon Institute of Marine Biology, personal communication). Landlocked populations occur
in Lake Washington, Washington, and Harrison Lake, British Columbia (Dryfoos 1965).

Habitat Requirements: Adult and juvenile longfin smelt occupy mostly the middle or bottom of the water
column in the salt or brackish water portions of the estuary, although larval longfin smelt are concentrated
in near-surface brackish waters (R. Baxter, personal communication). Spawning takes place in fresh
water, over sandy-gravel substrates, rocks, and aquatic plants (Wang 1986; Emmett et al. 1991).
Spawning in the Sacramento-San Joaquin estuary occurs at water temperatures of 7.0-14.5°C (Wang
1986), although spawning occurs at lower temperatures in other areas, such as Lake Washington (Emmett
et al. 1991). There is a strong positive correlation between winter-spring Delta outflow and longfin smelt
abundance in fall of the same year. The reason for this seems to be that higher flows increase the rate
of transport and dispersal of larvae and juveniles into rearing habitat in Suisun and San Pablo bays. High
flows also reduce the probability of the larvae being retained in the Delta, where they are exposed to
greater likelihood of entrainment, exposure to pesticides, and other factors. However, the positive
relationship between longfin smelt abundance and outflow may have broken down in recent years, or
dropped to a lower level (as occurred for striped bass). The catch of longfin smelt in the fall midwater
trawl surveys since 1984 has consistently been lower than would be predicted by the regression equation
of catch versus outflow during 1967-1984 (Figure 3.1). The catches for 1989, 1991, and 1992 occurred
outside the 95% confidence interval. The index for 1993 (a wet year) was back within the confidence
interval but was still lower than the predicted value.

High freshwater outflows also increase the volume of brackish water (2-18 ppt salinity) rearing
habitat required by larval and juvenile longfin smelt (R. Baxter, CDFG, unpublished data). Because the
life history of longfin smelt is similar in many respects to that of striped bass, it is likely that longfin
smelt larvae, like striped bass larvae, have higher survival rates in brackish water (Hall 1991). Adults
occur in the open waters of the estuary at salinities ranging from fresh water to full sea water. In most
years, adults are found primarily in Suisun, San Pablo, and San Francisco bays. However, they are most
abundant in San Pablo and Suisun bays, although in low outflow years they concentrate in Suisun Bay and
the Delta. Average summertime salinities in Suisun Bay normally were < 8 ppt even in dry years prior
to the longfin smelt decline. In San Pablo Bay salinities are typically < 25 ppt.

Life History: Longfin smelt generally are euryhaline and anadromous. In the Sacramento-San Joaquin
estuary, the usual seaward limit for longfin smelt is central San Francisco Bay, although some have been
caught offshore (R. Baxter, personal communication). In the estuary, adults and juveniles can be found
in water ranging from nearly pure sea water to completely fresh water. The preference of larval longfin
smelt for the upper part of the water column allows them to be swept quickly into food-rich nursery areas
downstream, mainly Suisun and San Pablo bays. During years when periods of high outflows coincide
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with the presence of the larval longfin smelt (e.g., 1980, 1982, 1983, 1984, 1986), the larvae are mostly
transported to Suisun and San Pablo bays while in years of lower outflow, they are transported to the
western Delta and Suisun Bay (Figure 3.2). The distribution of young-of-year longfin smelt largely
coincides with that of the larvae. In the winter months, yearlings become more widely distributed
downstream, with some even colonizing South Bay, although they remain most abundant in San Pablo and
Suisun bays.

During the fall, the distribution of yearling longfin smelt gradually shifts upstream, a change
which coincides with development of the gonads in preparation for spawning. They congregate for
spawning at the upper end of Suisun Bay and the lower and middle Delta in the Sacramento River channel
and adjacent sloughs. This distribution pattern may represent a change from the historic pattern. The
CDFG fall midwater trawl data indicates that longfin smelt were scarce in the Sacramento River and the
Delta prior to 1977 (a second year of drought); after 1977 they became more common in the upstream
catches (Table 3.1). The reasons for this shift are uncertain.

Larval longfin smelt are generally collected below Medford Island in the San Joaquin River and
below Rio Vista on the Sacramento River (Wang 1991), indicating that spawning rarely occurs above
these locations. The lower end of the spawning habitat seems to be upper Suisun Bay around Pittsburg
and Montezuma Slough, in Suisun Marsh (Wang 1986). The longfin smelt has a rather—protracted
spawning period. Adult movements and the presence of larvae in some December plankton samples
indicate that some spawning may take place as early as November (R. Baxter, unpublished data) while
larval surveys indicate spawning may occur into June (Wang 1986, 1991). Most spawning takes place
from February through April, because larval longfin smelt are most abundant in this period and large -
smelt become rare after this time. Both one and two year old males and females can spawn but most
females spawn when two years old. However, mature females have been collected at sizes as small as
64 mm FL and when. two year old fish are scarce in the population, as in 1993, a majority of the
spawning longfin smelt may be yearlings (R. Baxter, personal communication). Wang (1986) indicates
that older and larger longfin smelt spawn later in the season than smaller ones. In Washington, males
evidently precede the females in the spawning run upriver (Wydoski and Whitney 1979), and spawning
occurs at night. It is not known if this behavior also characterizes Sacramento longfin smelt. The eggs
are adhesive (Dryfoos 1965) and are deposited either on rocks or on aquatic plants. Each female lays
5,000-24,000 eggs (Dryfoos 1965, Moyle 1976.). However, the mean number for ten females from Lake
Washington was 18,104 (Dryfoos 1965), which is higher than recorded for California populations (mean
= 9752, Moyle, unpublished data). The eggs hatch in 40 days at 7°C (Dryfoos 1965). Apparently, most
longfin smelt die after spawning. A few individuals, mainly one year old females, live another year, and
probably spawn a second time (R. Baxter, personal communication).

Newly hatched longfin smelt larvae are 5-8 mm long (Wang 1991). Metamorphosis into the
juvenile form probably begins 30-60 days after hatching, depending on temperature (Emmett ef al. 1991).
Larvae and early juveniles tend to concentrate in the upper part of the water column but at around 20 mm
they may drop down into deeper water (R. Baxter, personal communication). Growth in California
populations is similar to that of more intensively studied Washington populations (Dryfoos 1965). Most
growth in length takes place in the first nine to ten months of life, when the fish typically reach 60-70 mm
SL. Growth rate levels off during the first winter, but there is another period of growth during the second
summer and fall, when the fish reach 90-110 mm SL. Weight gains may be considerable during this latter
period as the gonads develop. The largest longfin smelt are 120-140 mm SL, presumably females in their

third year of life.

The main food of longfin smelt is the opossum shrimp, Neomysis mercedis, although copepods
and other crustaceans are important at times, especially to small fish (Dryfoos 1965, Moyle 1976).
Longfin smelt, in turn, are eaten by a variety of predatory fishes, birds and marine mammals. They are .
a major prey of harbor seals, Phoca vitulina, in the Columbia River (Emmett et al. 1991).
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In the landlocked Lake Washington population in Washington, adult longfin smelt show daily
vertical migrations, moving into deep water during the day and in the upper water column at night
(Wydoski and Whitney 1979, Emmett et al. 1991). This may explain why juvenile and adult longfin
smelt are usually captured in trawls in the lower half of the water column in the Sacramento-San Joaquin
estuary (R. Baxter, unpublished data), where most sampling takes place during the day.

Longfin smelt are caught and marketed incidentally with other smelt species (Wang 1986). They
are of only minor commercial importance, evidently because the supply is sporadic and the amounts
caught are relatively small. However, it is likely that they were an important component of the smelt -
fishery that existed in the estuary in the late 19th century.

Abundance: Longfin smelt populations declined by 90% between 1984 and 1992 in the Sacramento-San .
Joaquin estuary (Meng 1993, Figure 3.3) and apparently have disappeared in recent years from the Eel
River estuary and from Humboldt Bay on the north coast: -

In the Sacramento-San Joaquin estuary, longfin smelt were once one of the most abundant fish.
The CDFG fall midwater trawl survey of the upper estuary, the CDFG otter and midwater trawl Bay
surveys, and the UCD Suisun Marsh surveys consistently caught longfin smelt in large numbers until the
early 1980s (Herbold et al. 1992). The numbers of longfin smelt fluctuated widely, reaching their lowest
levels during drought years but quickly recovering when adequate winter and spring flows were once
again present. Since 1982, longfin smelt numbers have plummeted and have remained at record low
numbers (Herbold et al. 1992). For example, in 1982, the fall midwater trawl abundance index for
longfin smelt was 62,929, the second highest on record; in 1992, the index was 73, the lowest on record.
The fall index in 1993 (792) increased in response to the increased outflows but was still below the
numbers that would be predicted based on the past outflow-abundance relationship (R. Baxter, personal
communication). The longfin smelt has declined in relative abundance to other fishes, dropping from
being first or second in abundance in most trawl surveys during the 1960s and 1970s to being 7th or 8th
_ in abundance (Herbold et al. 1992).

In Humboldt Bay, Barnhart et al. (1992) noted that in the early 1970s, longfin smelt were the
third most abundant species in larval fish surveys and fourth most abundant fish in trawl surveys. On the
basis of these studies they list longfin smelt as "abundant" in the bay and important as forage fishes.
However, no longfin smelt have been collected from the bay in recent years despite extensive sampling
of the estuary (R. Fritzsche, Humboldt State University, personal communication). Likewise, there are
no recent records from the Eel River estuary (L. Brown, USGS, personal communication). Longfin smelt
are apparently still present in the Klamath River estuary but confirmed records are few (R. Baxter,
personal communication). There seem to be no recent confirmed records of longfin smelt from estuaries
along the Oregon coast until the Columbia River estuary, which supports a large population.

Reasons for decline: The longfin smelt has clearly undergone a severe decline in the Sacramento-San
Joaquin estuary, while the two closest populations (Eel River and Humboldt Bay) have apparently gone
extinct. The causes of the disappearance of longfin smelt in the latter two estuaries may be related to a
dramatic loss of intertidal marsh habitat that resulted in lower productivity and less shallow spawning
habitat (Barnhart e al. 1992). Loss of shallow, vegetated habitat has also affected the Delta population.
The causes of the decline in the Sacramento-San Joaquin estuary are multiple and synergistic and include
the following, in approximate order of importance:

1. Reduction in outflows i
Reduction in outflow, as a result of a recent drought and through water diversions upstream of,
from, and within the Delta, is probably the single biggest factor affecting longfin smelt abundance in the
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Sacramento-San Joaquin estuary. To demonstrate the effects of diversions a regression equation, included
in the listing petition, related longfin smelt numbers to Delta outflow (p < .01, B. Herbold, USEPA,
personal communication). - This equation predicts that mean spring (February-May) outflows much less
than 3400 cfs will result in reproductive failure of longfin smelt. Such flows for two or three years in
a row would probably result in extinction of longfin smelt-in the estuary. Between 1987 and 1993,
outflows were perilously close to that number, pushed there by an increase in water diversion during a
period of extended drought (see section 4). This has resulted in extremely low numbers of longfin smelt
being produced (Figure 3.3). The strong correlation between spring outflow and longfin smelt abundance,
and the mechanisms explaining that close relationship, are further documented in CDFG testimony
presented during 1992 to the State Water Resources Control Board in the Interim Water Rights
Proceedings for the Bay-Delta Estuary (Exhibit WRINT-DFG-6, "Estuary Dependent Species”, at pp. 50-

- 61).

Since 1989, however, the abundance of longfin smelt has been consistently lower than would be
predicted by the past relationship between abundance and outflow. Analysis of the decline over the last
ten years shows that the increasing quantity of water exported during a time when the quantity of water
in the State was low has been associated with a continuous decline in longfin smelt capture rates. In
earlier, wetter years the quantity of exports was a small fraction of the total Delta inflow and outflow.
In recent drought years (1987-1992) the amount of water exported has exceeded the amount flowing into
the Bay and capture rates of longfin smelt have declined as total Delta outflow has been correspondingly
reduced. This amplification of normal drought effects has been compounded by the ability of upstream
reservoirs to retain more of the winter-spring runoff because the reservoirs have been below flood control
limits. This further reduced Delta outflow during the time longfin smelt are spawning and their larvae
are rearing. This may have exacerbated the normal drought year decline of this species (Figure 3.3),
contributing to the breakdown of the outflow-abundance relationship.

2. Entrainment losses to water diversions.

One of the effects of decreased outflows in the estuary is increased vulnerability of longfin smelt
of all sizes to entrainment in the pumping plants of CVP and SWP, in agricultural diversions within the
Delta, and in the PG & E power plants.

The effects of direct entrainment of longfin smelt in the two pumping plants is not well understood
because of limited information of what proportion of the population at each life stage is entrained and the
survival rates of the fish that are salvaged and returned to the Delta. Although large numbers of adult
longfin smelt are captured at the pumping plants, it is unlikely many individuals of this species survive
the experience (actual survival rates have not been documented). If they do, many are probably consumed
by piscine and avian predators attracted to the predictable commotion of trucks releasing fish.

Entrainment indices (the ratio of salvaged fish in a particular year and the subsequent abundance
index) for the Skinner (SWP) and Tracy (CVP) fish facilities indicate that exports at the two pumping
plants tend to take a higher fraction of the longfin smelt population when abundance is low, in dry years
(Figure 3.4). Because entrainment increases when populations are low, losses to pumping plants may be
a significant source of mortality for longfin smelt.

Entrainment of fish larvae in agricultural diversions within the estuary is largely unquantified.
Presurhably, entrainment in Delta agricultural diversions was a fairly constant source of mortality for 50-
100 years, until flows across the Delta increased because of increased pumping by the SWP and CVP.
These facilities not only pump more water than formerly but they pump water earlier in the year, when
longfin smelt are spawning and their larvae are present. The changed hydraulics increase the exposure
of larval, juvenile, and adult longfin smelt to in-Delta entrainment, predation, and other factors. In their
1992 testimony to the State Water Resources Control Board, the US Bureau of Reclamation stated "...the
negative impact of Delta diversions on the fisheries and food chain is largely a consequence of the flow
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patterns (hydrodynamics) resulting from Delta inflow and CVP/SWP exports. Consequently, any
proposed solution must address this important issue if it is to be effective in the long term (WRINT-
USBR-Exhibit 10, p. 8)."

The importance of entrainment of longfin smelt, especially larvae, in the cooling water of power
plants is not well known. However, the potential for entrammg large proportions of the population is
considerable, especially now that numbers are low.

3. Climatic variation .

’ The climatic conditions that the estuary has experienced since 1982 have been some of the most
extreme since the arrival of Europeans. The years 1985-1992 were ones of continuous drought, broken
only by the record outflows of February 1986. The prolonged drought had two major interacting effects:
a natural decrease in outflow and an increase in the proportion of inflowing water being diverted. A
natural decline in longfin smelt numbers would be expected from the reduced outflow, because of the
reduced availability of brackish water habitat for larvae and juveniles. However, the increase in
diversions most likely exacerbated the decline in longfin smelt survival through a combination of further
reduction in brackish water habitat and increased entrainment of larvae, juveniles, and adults. It is
important to recognize that extreme floods and droughts have occurred in the past and longfin smelt have
managed to persist through them. However, unlike today, longfin smelt historically did not experience
the extreme conditions caused by increased diversion of water. -

4. Toxic substances

Pollution is an insidious problem in the estuary because toxic compounds, especially pesticides,
can come from many sources, may be episodic in nature (and therefore hard to detect), and may affect
mainly early life history stages of fish, where mortality is hard to observe. It is not known what effects
toxic substances may have on longfin smelt populations. Longfin smelt spawn early in the season when
fewer agricultural chemicals are being applied and tlows for dilution may be high. However, agricultural
pesticides are applied during the winter time (mainly dormant sprays). Elevated concentrations or pulses
of these chemicals have been detected in the Sacramento and San Joaquin rivers following rainfall events.
In February, 1993, a pulse of diazinon (a water soluble dormant spray applied to stonefruit orchards) was
followed down the Sacramento River, through Suisun and San Pablo bays (Kuivila 1993). It is possible
that such episodic high concentrations of chemicals may have negative effects on longfin smelt if the
episodes coincide with major spawning times. The short life span and plankton feeding habits (short food
chain) of longfin smelt reduce the probability of accumulation of toxic materials in tissues.

5. Predation

Predation is a poorly understood but potentially impoftant factor affecting longfin smelt’

abundance. The principal piscivore in the estuary is striped bass. This species was introduced over 100

years ago, replacing native piscivores such as Sacramento perch and various salmonids. The longfin smelt

remained abundant despite the explosion of striped bass numbers and in recent years the longfin smelt
decline has coincided with the decline of striped bass. Therefore, it is unlikely that striped bass predation
per se is responsible for the decline of the longfin smelt. However, it has been suggested that striped bass
predation in Clifton Court Forebay may be having some effect on longfin smelt populations. Fish are

drawn into this forebay by water drawn toward SWP pumps and both predator and prey may be

concentrated as a consequence,

6. Introduced species

Invasions by exotic species are a perpetual problem in the Sacramento-San Joaquin estuary,

especially those that are introduced into the system "accidentally” from the ballast water of ships. The
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most recent problem introductions have been several species of planktonic copepods and an Asiatic clam,
Potamocorbula amurensis. The copepods are regarded as a problem because they seem to be replacing
Eurytemora affinis, a native copepod that has been the favored food of larval fish. Although one of the
introduced copepod species (Sinocalanus doerrii) seems to be harder for larval fish to capture, it occurs
mostly upstream of the concentrations of longfin smelt larvae. It may only be a problem if diversions
keep longfin smelt larvae in upstream, freshwater conditions. Other introduced copepod species probably
do not present the capture problems of S. doerrii (e.g., Meng and Orsi 1991). The Asiatic clam, in
contrast, may have a direct effect on longfin smelt populations because it has become extremely abundant
in San Pablo and Suisun bays, from which it appears to be filtering out most of the planktonic algae, the
base of the food web on which longfin smelt depend (Nichols ez al. 1990; Alpine and Cloern 1992).
The clam is not, however, a direct cause of the initial decline of longfin smelt because it did not -

. invade until after February 1986, after the longfin- smelt decline had begun (Nichols et al. 1990). Its
present abundance may make the restoration of longfin smelt more difficult but it is possible that the
Asiatic clam will become less abundant in response to (1) increased freshwater outflows, and (2) discovery
of it as a food source by fishes such as sturgeon, by invertebrates such as the invading European green
crab, and by diving ducks. A typical pattern for invading species is to increase explosively in response
to optimal conditions at the'time of invasion (due to the absence of their predators, parasites, etc.) and
then to decline as the local ecosystem adjusts to its presence, although such an adjustment may take many
years.

Conservation measures: Since the delta smelt was listed as a threatened species in 1993,
consultations with the USFWS have occurred for the Central Valley Project Operations Criteria and Plan
and for the proposed Los Vaqueros Project. Recommended actions (e.g., reduced pumping, screening
of diversions) to protect delta smelt also should be beneficial to longfin smelt, although differences
between the two smelt species in distribution within the estuary and in spawning times may make these
actions less beneficial to longfin smelt than delta smelt. For a more general discussion of conservation
measures refer to the delta smelt section.

Research on the biology of longfin smelt and on factors limiting their abundance is now underway
(R. Baxter, personal communication).

RESTORATION
- Objective

General restoration objectives are the same as those described for delta smelt. Longfin smelt will
be eligible for restored status when its population dynamics and distribution pattern within the estuary are
similar to those that existed in the 1967-1984 period. This period was chosen because it includes the
earliest continuous data on longfin smelt abundances and was a period in which populations stayed
reasonably high in most years (see below for a more detailed justification).

Restoration Criteria

Restoration of longfin smelt should be assessed when the species satisfies distributional and
abundance criteria. Distributional criteria are: longfin smelt must be captured in all zones 5 of 10 years,
in two zones for an additional year, and at least one zone for 3 of the 4 remaining years, with no failure
to meet site criteria in consecutive years. Abundance must be equal to or greater than predicted

- abundance for 5 of 10 years. Distributional and abundance criteria can be met in different years. If

4